Introduction
Recently we have reported [1] the results of conductance measurements on LiBF 4 and tetraalkylammonium bromides in propylene carbonate (PC) at 25 °C. These salts have been found to be almost unassociated in this solvent of a moderately high dielectric constant (64.40 at 25 °C). Single ion mobilities were also derived and discussed in terms of the ion solvating ability of PC.
We have now extended this work to study the viscometric behaviour of these electrolytes at different temperatures to obtain more information about specific ion-solvent interactions in this solvent. Ionic B values have been derived on the basis of the reference electrolyte "Bu 4 NBPh 4 ", and the transition-state treatment has been applied to analyse the results.
Experiental
Propylene carbonate (E. Merck, Germany, >99% pure) was purified according to the procedure described previously [1] . The solvent properties have been recorded in Table 1 .
The purification of tetraalkylammonium bromides, LiBF 4 and Bu 4 NBPh 4 have been reported earlier [1] .
The concentrations of the salts, generally varying in the range of 0.01-0.08 mol dm -3 , were prepared by Reprint requests to Dr. D. K. Hazra, Department of Chemistry, North Bengal University, 734 430 Darjeeling, India.
weight dilution of the stock solution (ca. 0.1 mol kg" *).
The conversion of the molality into molarity was done by using the density values. The kinematic viscosities were measured at the desired temperature (accuracy ±0.01 °C) using a suspended Ubbelohde-type viscometer. The densities were measured using an OstwaldSprengel type pycnometer (25 ml) calibrated with distilled water. The details of the experimental procedure have been described in [2, 3] . The accuracies of the viscosity and density measurements were 0.05% and ±3xl0 _5 gcm" 3 , respectively.
Density and Viscosity Data
The density (e) and viscosity (//) data for the electrolytes in the molarity range 0.01-0.08 mol dm -3 at temperatures 25,35, and 45 °C are reported in Table 2 .
Viscosity A and B Coefficients
The experimental data have been analysed with the Jones-Dole equation [4] where rj and rj 0 are the viscosities of the solution and solvent, respectively, r] t is the relative viscosity and C is the molar concentration.
The plots of (77 r -1)/|/C against j/c (Fig. 1) The conductance data required in these calculations were taken from our earlier work [1] , The A theo coeffi- Table 3 .
Viscosity B coefficients obtained at various temperatures using the least squares method are presented in Table 4 .
Activation Parameters for the Viscous Flow
The viscosity data have also been analysed on the basis of the transition-state treatment of the relative viscosity of electrolyte solutions as suggested by Table 4 . An°x the free energy of activation per mole of the pure solvent is given by the equation [7] An 0 ,* = AGr = RT \n(rj 0 V°/hN),
N = Avogadro's number.
Discussion
The A coefficients shown in Table 3 are found to be small and positive for all the electrolytes, and the experimental results at 25 °C agree well with the theoretical one within 20% for the quarternary ammonium salts. Similar results have been found in other systems [8] .
This error in the small A values corresponds to the
The viscosity B coefficients (Table 4) [8, 10] , sulfolane [11] and DMSO [2, 12] . Further, from Table 4 we see that, although DB/DT is small, it is negative in sign for all the electrolytes, indicating that they behave as structure makers in this solvent medium.
The ionic B values were calculated using Bu 4 NBPh 4 as the "reference electrolyte" [13, 14] 
The ionic B values along with the ionic An 2 * data obtained from the above relationships are given in Table 5 . Table 5 The dß ± /dT values of the cations and anions are generally found to be negative (structure-making). This behaviour of tetraalkylammonium ions in PC, arising mainly from the interactions of alkyl groups and solvent molecules, is similar to that observed in sulfolane by Sacco and coworkers [11, 15] . where R ± (in Ä) is the radius of the ion assumed to be a rigid sphere moving in a continuum and 2.5 is the shape factor for a sphere. 
where V t represents the bare ion molar volume and is related to the crystallographic radius (r c ) of the ion. F S is the solvent molar volume. The values of R ± and n s are shown in Table 6 . The R ± values for tetraalkylammonium ions are found to be in reasonable agreement with the Stokes and crystallographic radii. The results indicate that these ions are scarcely solvated in PC and behave as spherical entities. However, the R ± value of Li + is much higher than its crystallographic radius, indicating that it is highly solvated in PC by ion-dipole interactions. Similar results have been obtained by conductometric measurements [1] , which shows that Li + is highly solvated in this medium. Thus, it appears that the large size of the R 4 N + ions, their low charge density and the high dielectric constant of PC render these ions to be free, unassociated and almost unsolvated in this medium.
